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Abstract
Introduction
The global rise in temperature due to increasing 
concentrations of atmospheric CO2 and green house 
gases (GHGs) are slowly but gradually heating up the 
earth’s temperature (Treut et al, 2007; IPCC, 2014). 
This phenomenon called global warming causes heat 
stress in plants resulting in reduced crop yields. Heat 
stress may make some crops grow faster, but at the 
same time could also reduce the productivity. The 
reason is that the time period necessary for seeds 
to fully develop is reduced, resulting in forced matu-
rity, deterioration in quality and quantity of the crop 
product. High temperature has both favorable and 
outrageous effects on maize plant. Being a member 
of C4 plant community, it is capable of exploiting the 
solar energy and warmer environments, but to a cer-
tain level (Ashraf and Hafeez, 2004). Optimum day 
(25 - 32°C) and night (16.7 - 23.3°C) temperatures 
for maize plant lead to enhanced photosynthetic rate 
than respiration resulting in rapid plant growth. Maize 
plant growth affected severely when temperature de-
creases to 5°C or increases beyond 32°C (Steven et 
al, 2002). A temperature of 35°C during pollination 
and grain filling stages may reduce maize grain yield 
on a daily basis by 101 kg ha-1 (Smith, 1996). Simi-
larly, a temperature of 45 - 48°C during flowering and 
grain formation phases is dangerous to crop health 
ultimately affecting the grain yield (Ulukan, 2009). 
Heat tolerance can be accomplished through ge-
netic management approach as development of heat 
tolerant genotypes for once would be a cheap input 
technology that would play a vital role in lessening 
the harmful impacts of climate change on agricultural 
production of low income small land holding farm-
ers (Saxena and Toole, 2002; Tester and Langridge, 
2010). For this purpose, easy and effective selec-
tion criterion holds a key in improving heat tolerance 
of maize. A whole plant response predominantly at 
reproductive phases such as flowering and seed 
setting to high temperature is more appropriate for 
screening against thermo-tolerance. Identification of 
potential parents is the first step in breeding for high 
The rise in ambient temperature is intimidating sustainability of maize productions worldwide. To overcome 
heat stress effects, identification of potential genotypes and knowledge of inheritance pattern is necessary for 
developing thermo-tolerant cultivars. This investigation, consisted of four experiments, was conducted for assess-
ing genetic variation followed by developing and evaluating breeding material in non-stressed and heat-stressed 
environments. The first experiment concerning reproductive stage heat tolerance comprised one hundred maize 
inbred lines, was conducted at mean day/night temperatures of 33°C/19°C (field) and 40°C/23°C (plastic tunnel), 
respectively. Variance analysis of absolute and relative data for leaf temperature and cell membrane thermo-
stability revealed statistically significant (P ≤ 0.01) genotypic variations. In second and third experiments, one heat 
tolerant (ZL-11271) and one susceptible (R-2304-2) lines were selected and crossed in a generation mean fashion 
to develop non-segregating (P1, P2, F1) and segregating (BC1, BC2, F2) plant populations. The fourth experiment 
involved appraisal of six basic generations in a factorial randomized complete block design replicated thrice with 
mean day/night temperatures of 33°C/20°C and 39°C/24°C. Data on leaf temperature and cell membrane thermo-
stability recorded at reproductive phase were analyzed in a nested block design which suggested involvement of 
digenic epistatic interactions in controlling inheritance of both these traits. Generation variance analysis, however, 
revealed predominance of additive genes supported by higher estimates [> 60%] of broad sense and narrow 
sense heritability (F2 and F∞). Future progress in plummeting leaf temperature and cell membrane thermo-stability 
of plant material is achievable through hybridization and rigorous selections in succeeding generations. 
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temperature stress tolerance, however, the appro-
priate selection environment oftenly not accessible 
(Ismail and Hall, 1999; Naveed et al, 2016a). Indirect 
selection strategies, therefore, may be employed to 
assess heat tolerance. Cell membrane thermo-sta-
bility (CMT) had been used extensively in cereals for 
screening against drought and heat stress tolerance 
(Blum and Ebercon, 1981; Agari et al, 1995; Ibrahim 
and Quick, 2001). Relative cell injury percentage (RCI 
%age) appraises the thermo-stability of cell mem-
branes and may be used to determine heat tolerance 
in crop plants (Wahid et al, 2007; Azhar et al, 2009). 
In contrast, Hafeez et al (2004) suggested that there 
may be some other factors influencing the crop yield 
under heat stress, therefore discouraged the solitary 
use of cell membrane thermo-stability as selection 
criteria. Canopy temperature is another trait to look 
for heat tolerance, which gives an indication of tran-
spirational cooling in crop plants. Higher transpiration 
rate lowers leaf temperature and improves stomatal 
conductance ultimately contributing to net photo-
synthesis and crop span (Ham et al, 1991; Moller et 
al, 2007; Araus et al, 2008). Canopy temperature is 
a reliable and a heritable parameter for assessing 
heat tolerance in cotton (Khan et al, 2014). The pres-
ent research work investigates the genetic basis of 
heat tolerance by screening 100 maize genotypes for 
leaf temperature and cell membrane thermo-stability. 
These findings may be of some worth to corn breed-
ers in developing heat tolerance in plant materials.
Materials and Methods
Studies on genetic basis and genotypic variability 
in leaf temperature and cell membrane thermo-stabil-
ity as an appraisal of heat tolerance were conducted 
in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan. For 
this purpose, one hundred maize inbred lines were 
collected. All these inbred lines were planted under 
normal field conditions during kharif season 2012. 
Self pollination was practiced to achieve the maxi-
mum uniformity.
Experimental plant materials and other details
The collected 100 inbred lines from various na-
tional and international research organizations were 
laid out in an alpha lattice design with three replica-
tions in two sets, concurrently during spring season 
2013. One set of the experiment was conducted in-
side the plastic tunnel (heat-stressed) while the oth-
er in normal field (non-stressed) conditions. Fifteen 
seeds of each test entry were planted in each repli-
cation by maintaining 75 cm row-to-row and 25 cm 
plant-to-plant distances during screening phase. The 
recommended cultural practices of fertilizers, irriga-
tions and insecticides were adopted according to the 
crop requirements of both the experiments. 
The set of plant material raised in the tunnel was 
exposed to high temperature stress by covering 
it with plastic sheet prior to the initiation of the re-
productive period. Average day and night tempera-
tures recorded for heat-stressed (plastic tunnel) and 
non-stressed (field conditions) experiments were 
40°C/23°C and 33°C/19°C, respectively. The humid-
ity inside the plastic tunnel was controlled by exhaust 
fans to prevent any possible disease outbreak. 
Experiment 1: Measurement of leaf temperature 
and cell membrane thermo-stability
In non-stressed and heat-stressed experiments, 
leaf temperature (LT) was measured from fully ex-
posed three leaves of each selected plant between 
13.00 to 15.00 hours by using infrared thermometer 
(Model RAYPRM 30). In the screening phase, leaf 
temperature was recorded on 10 selected consecu-
tive plants of each inbred line.
Cell membrane thermo-stability (CMT) was mea-
sured from both the experiments by following the 
procedure of Sullivan (1972). Using punch machine, 
round leaf discs of 0.75 cm in diameter were made 
after removing completely expanded uppermost 
leaves. In two sets of 50 ml glass tubes, 10 leaf discs 
were taken and washed slowly with de-ionized dis-
tilled water by changing it three times to remove 
surface adhered electrolytes. Then glass tubes were 
filled up to 10 ml of distilled water in order to sub-
merge the washed leaf discs. Of the two sets, one 
set of test tube was placed in a water bath at 45°C 
for 1 hour. Then both the sets were exposed to 22°C 
temperature in an air conditioned room for an over-
night. Very next day, electrical conductivity of each 
test tube sample was recorded with the help of LF 
538 EC meter after shaking it well. Then kill the leaf 
tissues, both sets of test tube samples were auto-
claved at 121°C temperature for 15 minutes at 15 Ibs 
pressure, which were allowed overnight to cool down 
to 22°C temperature. Subsequently, electrical con-
ductivity was recorded for the 2nd time. Under stress, 
the extent of membrane integrity permits a measure 
of membrane stability to electrolyte leakage. Relative 
cell injury percentage (RCI%) as an appraisal of cell 
membrane thermo-stability was worked out by using 
1st and 2nd electrical conductivity readings and the fol-
lowing formula; 
RCI% = [1- {1- (T1 / T2)} / {1- (C1 / C2)}] × 100
where T & C indicate electrical conductivity (EC) of 
heat treated and controlled sets of test tube, and the 
subscripts 1 & 2 refer to 1st and 2nd EC readings, re-
spectively.
Procedure for assessing heat stress tolerance
A procedure holds a key in assessing genotypic 
responses and further discriminating superior lines 
for heat tolerance. In the current studies, the genetic 
material was evaluated on the basis of absolute per-
formances for leaf temperature and cell membrane 
thermo-stability under contrasting conditions. This is 
a useful criterion and had been used previously by 
various researchers for the identification of tolerant 
and susceptible genotypes (Azhar et al, 2005; Akhter 
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et al, 2007; Iqbal et al, 2011). The plant material was 
also assessed on the basis of relative performance 
in heat-stressed to non-stressed conditions multi-
plied by 100. This methodology had been used for 
discriminating drought, heat and salt tolerance in dif-
ferent field crops (Azhar and McNeilly, 1988; Azhar et 
al, 2009).
Experiment 2 and 3: Development of breeding 
populations
One hundred maize inbred lines were compared 
for absolute and relative performance of leaf tem-
perature and cell membrane thermo-stability, which 
revealed genotypes ZL-11271 as heat tolerant and 
R-2304-2 as heat susceptible. Both these inbred lines 
were sown under normal field conditions during kharif 
2013 and crosses were attempted to obtain F1 seed. 
The F1 seed along with parents were grown in field 
during spring and kharif seasons of 2014. Some F1 
plants were advanced to F2 by selfing while a few F1 
plants were crossed with P1 and P2 to develop BC1 
and BC2 generations, respectively.
Experiment 4: Evaluation of six basic generations 
for genetic studies
During spring season 2015, two sets each com-
prising same six basic generations (P1, P2, F1, F2, 
BC1, and BC2) were planted simultaneously in heat-
stressed (plastic tunnel) and non-stressed (field) con-
ditions in factorial randomized complete block design 
with three replications. Experimental methodologies 
followed were same as in screening experiment. Thir-
ty plants were planted each for parents, F1 and sixty 
for back crosses while three hundred for F2 genera-
tion in a replication. For the purpose of recording the 
observations in each replication, 20 (P1, P2, and F1), 
30 (BC1 and BC2) and 60 (F2) plants were selected 
from non-segregating, backcrosses and segregating 
populations, respectively in non-stressed and heat-
stressed environments. Mean temperatures recorded 
for heat-stressed and non-stressed treatments were 
39°C/24°C and 33°C/20°C (day / night), respectively.
Statistical computations
The recorded data of absolute and relative ra-
tios in non-stressed and heat-stressed conditions 
were subjected to statistical analysis of variance 
technique to find out significant differences among 
the inbred lines (Steel et al, 1997). For determining 
the genetic basis of heat tolerance, coefficients for 
dissecting sum of squares (SS) of six basic genera-
tions were generated (Little and Hills, 1978). The gen-
eration mean analysis (GMA) was performed using 
Mather and Jinks (1982) procedure. Means and vari-
ances of parents, BC1, BC2, F1, and F2 generations 
used in the analysis were calculated from individual 
plant data pooled over replications. A weighted least 
square analysis was also performed on generation 
means beginning with simplest model using param-
eter m only. Further models of increasing complexity 
(md, mdh, etc.) were fitted. The best fit model was 
selected when estimate of χ2 was non-significant with 
all significant parameters. For generation variance 
analysis, a weighted least square analysis of varianc-
es was also performed (Mather and Jinks, 1982). The 
data comprising six generations (parents, F1, F2, BC1, 
and BC2) was analyzed using a computer program 
supplied by Dr HS Pooni, University of Birmingham. 
Models incorporating E, [D and E], [D, H, and E], [D, 
F, and E], and [D, H, F, and E] were tried. The best fit 
model was selected when χ2 was non-significant with 
all significant parameters (Naveed et al, 2016b). 
Estimates of the broad sense (Weber and Moor-
thy, 1952) and narrow sense (F2: Warner, 1952; F∞: 
Mather and Jinks, 1982) heritability for leaf temper-
ature and cell membrane thermo-stability in non-
stressed and heat-stressed conditions were also cal-
culated using variances of parents (P1, P2), F1 and F2 
generations. Heritability in a broad sense (H2) is the 
measure of genotypic variance to phenotypic vari-
ance, whereas heritability in the narrow sense [h2] 
is the appraisal of additive genetic variance to the 
phenotypic variance. Johnson et al (1955) classified 
both H2 and h2 into low (< 30%), moderate (30 - 60%) 
and high (> 60%). Broad sense heritability is based 
on total genetic variance which comprises both fix-
able (additive) and non-fixable (dominance and epi-
static) variances. Traits exhibiting higher estimates of 
broad sense heritability represent the least influence 
of environment while lower values indicate higher 
environmental influence, therefore, selection would 
be inappropriate in these circumstances. In case of 
narrow sense heritability, characters with higher val-
ues are governed by additive genes and the selec-
tion aimed at crop improvement would be rewarding 
while characters with lower values are governed by 
non-additive genes and hybrid breeding may be ef-
fective (Singh and Narayanan, 1993).
Table 1 - Mean squares of leaf temperature and cell membrane thermo-stability of 100 maize inbred lines grown under non-
stress and heat stress conditions. 
Traits DF Leaf temperature Cell membrane thermo-stability
  Absolute  Relative Absolute  Relative
Replications 2 9.790 0.317 127.650 23.281
Genotypes (G) 99 6.300** 7.119** 1035.200** 10.309**
Temperatures (T) 1 2626.620** - 8233.100** -
G × T 99 0.650** - 7.990** -
Error 398 0.140 0.273 1.790 2.504
DF: degrees of freedom, **: P < 0.01 
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brane thermo-stability were higher in non-stressed in 
contrast to heat-stressed conditions (Supplementary 
Table 2). CMT ranged 29.07 to 91.57 in non-stressed 
and 26.67 to 77.15 in heat-stressed conditions. Rela-
tive cell injury percentage (RCI%) of ZL-11271 (No. 
89), UM-2 (No. 53), ZL-11376 (No. 88), A-545 (No. 
62), and VL-1033 (No. 92) was lowest among all the 
genotypes under heat-stressed conditions therefore 
regarded as heat tolerant. Entries R-2304-2 (No. 5), 
ZL111008 (No. 98), A-521-1 (No. 58), VL-0512420 
(No. 97), VL-1029 (No. 96), N-48-94 (No. 37), 20-P2-
1 (No. 44), VL107657 (No. 99), 150-P1 (No. 48), and 
ZL-111040 (No. 100) with RCI% > 70 were discrimi-
nated as heat susceptible. The RCI % for rest of the 
genotypes was in between of 33 to 69. Estimates of 
relative heat tolerance were highest (> 90) for entry 
no. 89, 93, 43, 62, 38, 41, 58, 39, 48, 40, 85, and 42 
while lowest (< 85) for 5, 46, 86, 70, 100, 16, 45, and 
71. The response of genotypes with highest relative 
ratios to high temperature stress was tolerant and 
vice versa.
Mean estimates of genetic materials
Prior to the initiation of reproductive phase, data 
recorded on leaf temperature and cell membrane 
thermo-stability for six basic generations were aver-
aged over replications and used for genetic analy-
sis of heat tolerance (Table 2). The estimates of LT 
and CMT for all the six generations were higher in 
non-stressed than heat-stressed environments. Sig-
nificant differences were recorded among the non-
segregating (P1, P2, F1) and segregating (BC1, BC2, 
F2) genetic materials for both these traits. Differences 
among the estimates of six populations for leaf tem-
perature and cell membrane thermo-stability indicat-
ed variation in genotypic responses to heat tolerance. 
Genetic basis of heat tolerance
Analysis of generation means indicated that ge-
netic model comprising five parameters (mdhjl) was 
Table 2 - Means of six basic generations for leaf temperature and cell membrane thermo-stability of Zea mays L. 
Traits  P1 P2 F1 F2 BC1 BC2 LSD (0.05)
Leaf NS 31.733 41.007 34.833 34.008 33.578 35.016 0.671
Temperature HS 29.667 35.540 32.427 33.312 32.245 34.283 0.382
Cell membrane NS 29.437 91.026 38.166 63.850 41.172 67.792 2.950
Thermo-stability HS 26.683 77.593 34.470 45.466 37.725 48.269 1.287
NS: non-stressed, HS: heat-stressed
Results
Mean squares acquired from variance analysis 
of absolute and relative ratios revealed statistically 
highly significant (P ≤ 0.01) differences among the 
100 genotypes (G) for leaf temperature and cell mem-
brane thermo-stability (Table 1). Significant (P ≤ 0.01) 
differences were also recorded in temperature (T) 
treatments and the interactions of G × T for leaf tem-
perature and cell membrane thermo-stability which 
suggested that genotypes performed differently to 
heat stress. 
Genotypic variability in leaf temperature
Genotypic values for leaf temperature were higher 
in non-stressed regime than heat-stressed condi-
tions (Supplementary Table 1). Tukey test for mean 
values of 100 inbred lines indicated that differences 
among the genotypic responses were greater in heat-
stressed in comparison to non-stressed conditions 
implying that comparison among the test entries is a 
useful technique for assessing tolerant, susceptible 
and intermediate groups. The reaction of ZL-11271 
(No. 89), UM-2 (No. 53), HY-7 (No. 50), IC-654 (No. 
51), and A-545 (No. 62) with lowest leaf tempera-
tures of 29.53°C, 30.23°C, 32.23°C, 32.53°C, and 
32.53°C to heat stress appeared to be tolerant while 
that of R-2304-2 (No. 5), B-42 (No. 33), N-18 (No. 
36), G.P.F-9 (No. 28), OH-33-1 (No. 15), F-122 (No. 
8), F-110  (No. 6), and F-160 (No. 4) with highest leaf 
temperatures (35.73 to 35.03°C) categorized as sus-
ceptible. The other genotypes were intermediate in 
their response to high temperature stress. Genotypes 
89 (ZL-11271), 62 (A-545), 24 (W-10), 32 (B-34-2B), 
and 78 (Y-21) with highest relative ratios were more 
heat tolerant in contrast to 5 (R-2304-2), 91 (VL-1032), 
80 (Y-11), 71 (Y-52), and 76 (Y-15) with lowest values. 
Genotypic variability in cell membrane thermo-
stability
Similar to leaf temperature, estimates of cell mem-
Table 3 - Best fit model for leaf temperature and cell membrane thermo-stability in a cross of maize. 
Parameter  Leaf temperature Cell membrane thermo-stability
 Non-stress Heat stress Non-stress Heat stress
m±SE 36.37±0.16 32.59±0.15 87.69±1.50 52.23±0.32
[d]±SE -4.64±0.16 -2.87±0.14 -30.79±0.22 -25.49±0.33
[h]±SE -7.25±0.97 2.79±0.98 -49.64±1.68 -17.53±0.60
[i]±SE - - -27.49±1.53 -
[j]±SE 3.12±0.53 - 4.96±1.41 15.15±1.53
[l]±SE 5.72±1.09 -2.96±1.09 - -
χ2 (df) 0.551 (1) 2.615 (2) 6.039 (1) 5.692 (2)
m: mean, [d]: additive, [h]: dominance, [i]: additive-additive, [j]: additive-dominance, [l]: dominance-dominance, χ2: chi-
square, df: degrees of freedom
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Discussion
Any crop improvement program including heat tol-
erance depends largely upon the existence of genetic 
variation and selection of potential parents. Presence 
of variability in genepool is the basis for the genetic 
improvement of a crop against any biotic and abiot-
ic factors. Genetic variability for heat tolerance has 
been reported in all the field crops including cotton, 
mungbean, tomato, rice, wheat and so on  (Collins et 
al, 1995; Farooq et al, 2011; Golam et al, 2012; Mat-
sui and Omasa, 2002; Rehman et al, 2004). Poten-
tial variation in maize germplasm existed for drought 
and heat tolerance. Identification and classification of 
such variations are the most important steps in devel-
oping tolerant genotypes (Lu et al, 2011).
In the current investigation, the assessment of 
genotypic responses for leaf temperature and cell 
membrane thermo-stability was aimed for measuring 
the potential for heat tolerance of tested plant mate-
rial and determining the inheritance pattern, thereaf-
ter. The results of the screening experiments implied 
that appraisal of leaf temperature and cell membrane 
thermo-stability at reproductive stage proved to be 
effective in differentiating 100 maize inbred lines for 
high temperature tolerance. An examination of all the 
genotypic data suggested general pattern of reac-
tions to optimum and high temperatures indicating di-
vergent responses to heat-stressed conditions. Both 
leaf temperature and cell membrane thermo-stability 
revealed existence of considerable variability among 
the experimental plant material for heat tolerance. 
Absolute and relative performances of genotypes 
for both these traits permitted the discrimination of 
heat tolerant and heat susceptible maize inbred lines. 
These findings are in agreement to the previously re-
ported on canopy temperature (Wanjura et al, 2004; 
Khan et al, 2014) and cell membrane thermo-stability 
(Kumar and Sharma, 2007; Akbar et al, 2009). 
From a plant breeding view point, exploitation of 
diverse / potential genetic resources could be pos-
sible only through selection followed by hybridiza-
tion. In this perspective, the execution of any bio-
metrical technique such as generation mean and 
variance analyses for dissecting total genetic varia-
tion into constituent components becomes very cru-
cial. Generation variance analysis which partitions 
the total variance into components of additive (D), 
environmental (E), interaction (F), and dominance (H) 
has long been explored by research workers. The re-
sults revealed involvement of additive (D) component 
Table 4 - Variance components for leaf temperature and cell membrane thermo-stability in a cross of maize. 
Traits  [D]±SE [F]±SE [E]±SE χ2 (df)
Leaf NS 21.93±2.61 -4.54±1.87 2.22±0.33 10.00 (3)
Temperature HS 24.42±2.75 - 2.11±0.31 12.57 (4)
Cell membrane NS 209.04±18.94 - 3.58±0.53 8.95   (4)
Thermo-stability HS 235.15±22.20 - 7.15±1.06 7.18   (4)
NS: non-stressed, HS: heat-stressed, [D]: additive, [F]: additive-dominance, [E]: environmental, χ2: chi-square, df: degrees 
of freedom
found best fit to data of leaf temperature under non-
stressed regime in comparison to four factors [mdhl] 
model under heat-stressed environment (Table 3). 
Genetic models consisting of [mdhij] in non-stressed 
and [mdhj] under heat-stressed environments exhib-
ited best fitness to the estimates of generation means 
from observed to the expected for cell membrane 
thermo-stability. Analysis of genetic variance for LT 
and CMT dissected total variance into additive [D], 
environmental [E], and additive-dominance [F] con-
stituent components (Table 4). For this purpose, six 
basic generations comprising non-segregating and 
segregating populations were used for computing 
both genetic and environmental variance compo-
nents. Non-significant χ2 estimates were observed 
with genetic models comprising two [DE] and three 
[DEF] parameters for leaf temperature and cell mem-
brane thermo-stability in non-stressed and heat-
stressed environments. Additive variance [D] was 
greater in magnitude than the respective environ-
mental [E] and interaction [F] variance components. 
The magnitudes of variances were higher under heat-
stressed in contrast to non-stressed conditions for 
both these traits except that of [E] variance of leaf 
temperature in non-stressed environment. 
Broad and narrow sense heritabilities were high 
(> 60%) for both leaf temperature and cell membrane 
thermo-stability (Table 5). The broad sense heritabil-
ity for cell membrane thermo-stability (96.5 and 94.3) 
was greater than for leaf temperature (84.6 and 86.2) 
in conditions of non-stressed and heat-stressed, re-
spectively. Similarly, narrow sense heritability of cell 
membrane thermo-stability for F2 (76.9 and 82.7) and 
F∞ (97.5 and 96.4) populations were higher in com-
parison to F2 (78.4 and 69.3) and F∞ (88.8 and 88.5) of 
leaf temperature in non-stressed and heat-stressed 
conditions, respectively. Estimates of narrow sense 
heritability for infinity generation were greater than 
for F2 population under both the contrasting environ-
ments. 
Table 5 - Estimates of heritability for leaf temperature and 
cell membrane thermo-stability in Zea mays L.
Trait  H2  h2 
   F2 F∞
Leaf NS 84.6 78.4 88.8
Temperature HS 86.2 69.3 88.5
Cell membrane NS 96.5 76.9 97.5
Thermo-stability HS 94.3 82.7 96.4
H2: broad sense heritability, h2: narrow sense heritability, 
F2: filial generation two, F∞: infinity generation
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largely in the inheritance of both leaf temperature and 
cell membrane thermo-stability under the contrasting 
conditions. However, appearance of interaction (F) 
component in case of leaf temperature under non-
stressed regime complicated its inheritance pattern. 
Significant and greater magnitudes of additive (D) 
variance in comparison to other components for LT 
and CMT indicated transmission of both negative 
and positive alleles in the developed genetic material 
from the parents. Previous studies reported that ad-
ditive variance controls the genetic variation in differ-
ent plant traits (Rahman and Malik, 2008; Iqbal et al, 
2015; Khan et al, 2016).  The role of additive genetic 
variance in the inheritance of leaf temperature and 
cell membrane thermo-stability was supported by 
higher broad sense (h2b.s.) and narrow sense (h2n.s.; 
F2 and F∞) heritability estimates. This information may 
be helpful in determining response to selection and 
genetic gain in succeeding plant progenies. These 
results are encouraging for the maize breeders sug-
gesting that plant material with inbuilt heat tolerance 
could be searched in this particular crossed popula-
tion. The appearance of epistatic interaction [j, l] for 
leaf temperature in non-stressed conditions was con-
firmed by generation variance analysis (Sarwar et al, 
2012; Khan et al, 2014). The use of generation mean 
analysis for analyzing abiotic plant stresses such as 
drought, heat and salinity is very extensive (Ahsan et 
al, 1996; Khan et al, 2014; Khan et al, 2016). Involve-
ment of non-allelic (epistatic) interactions in leaf tem-
perature and cell membrane thermo-stability validat-
ed the existence of genotypic variation in tested plant 
material. Occurrence of negative additive and domi-
nance genetic effects for leaf temperature and cell 
membrane thermo-stability under both non-stressed 
and heat-stressed conditions suggested that these 
may be fixed at early segregating generations how-
ever manifestation of duplicate digenic interactions 
for both these traits intricated this situation. For this 
reason, development of multi-parent crossed mate-
rial and maintaining larger plant populations followed 
by intermating among the desirable recombinants 
and recurrent selection practices could serve in in-
creasing the frequency or accumulating the heritable 
additive genes. This procedure may ultimately break 
undesirable genetic linkages and generate viable 
transgressive segregants for exploitation.
Conclusion 
Detection of variation in plant material for leaf 
temperature and cell membrane thermo-stability 
proved to be of potential use and heritable. The pre-
dominance of additive variance [D] along with higher 
magnitudes of heritability [H2 and h2] enhanced the 
scope for genetic improvement of maize against heat 
stress. The present understandings of genetic effects 
controlling heat tolerance may be exploited for de-
veloping heat resilient maize synthetics and hybrids.
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